A novel cardiac hypertrophic factor, neurotrophin-3, is paradoxically downregulated in cardiac hypertrophy.
The neurotrophin family plays pivotal roles in the development of the nervous system. Recently, the role of the neurotrophin in non-neural tissue has been extensively investigated. Among them, neurotrophin-3 and its receptor TrkC are critical for embryonic heart development, though little is known about neurotrophin-3/TrkC function in adult heart. Moreover, the expressions of other neurotrophin and Trk families in the cardiovascular system have not been fully determined. In adult and neonatal rats, only TrkC mRNA was expressed more abundantly in heart than aorta among the neurotrophin receptors, while all neurotrophins were equally expressed in the cardiovascular system. Immunohistochemistry confirmed the protein expressions of neurotrophin-3/TrkC in rat ventricles. In primary-cultured rat cardiomyocytes, neurotrophin-3 strongly activated p38 mitogen-activated protein kinase, extracellular signal-regulated kinase 1/2, and Jun N-terminal kinase pathways in Western blot analysis. In Northern blot analysis, neurotrophin-3 strongly increased mRNA expressions of cardiac hypertrophic markers (skeletal alpha-actin and atrial natriuretic peptide) in cardiomocytes. [(3)H]-phenylalanine uptake into cardiomyocytes, myofilament reorganization, and cardiomyocyte size were also augmented with neurotrophin-3 stimulation, indicating that neurotrophin-3 is a novel cardiac hypertrophic factor. Unexpectedly, neurotrophin-3 was downregulated in cardiac hypertrophy induced by pressure overload (in vivo), and in cardiomyocyte hypertrophy evoked by endothelin-1 stimulation (in vitro). Interestingly, the cell size and BNP mRNA expression level (markers of hypertrophy) were greater in cardiomyocytes treated with both neurotrophin-3 and endothelin-1 than in those stimulated with endothelin-1 alone. These findings demonstrate that neurotrophin-3 is a unique hypertrophic factor, which is paradoxically downregulated in cardiac hypertrophy and might counteract hypertrophic change.